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Introduction and Objectives 
Maize grown in monoculture is a common practice in the irrigated areas of the Ebro Valley (Spain). Nitrate 
leaching in this area is associated to excessive N fertilization to maize and residual mineral N (Ninorg) left in 
the soil after crop harvest (Cavero et al., 2003). Winter cover crops could be sown after maize harvest. 
Deep rooted cover crops would scavenge residual Ninorg in the soil profile and incorporation of the cover 
crop biomass into the soil in early spring would provide N to the next spring maize crop (Isse et al, 1999). 
However, little is known about cover crop management and effects on irrigated maize in Mediterranean 
conditions. The aim of the study was (1) to quantify the effect of winter cover crops on N leaching and soil 
Ninorg in a maize monoculture; and (2) to quantify the effect of cover crops on maize grain yields.  
 
Methodology 
The experiment was conducted in 12 drainage lysimeters (5.2 m2 x 1.5 m deep) filled up with a silt loam 
soil, located in the CITA experimental farm station (Zaragoza, Spain). Maize was planted on 28 April 2006 
at a plant density of 84,600 plants ha-1 and fertilized with 300 kg N ha-1. After maize harvest, different 
cover crops were seeded.. Four treatments were tested: winter barley (cv.Hispanic ), common vetch (cv. 
Armantes), winter rape (cv. Perko) and a control (bare soil). Cover crops were incorporated into the soil 
on 11 March 2007 and a new maize crop was sown on 15 April 2007. Maize was fertilized with 300 kg N 
ha-1 in the control treatment, and this amount was reduced in the treatments with winter cover crops (Table 
1). N fertilization was split in three applications. Irrigation was scheduled considering a leaching fraction 
of 25%. The volume and NO3-N concentration in the drainage water from the lysimeters was obtained on 
a weekly basis. Cover crop and maize biomass and N content was measured. Soil was sampled and soil 
Ninorg was determined at each maize harvest, before incorporating cover crops and before the first sidedress 
N application. 
 
Results 
The amount of N in the above ground biomass of cover crops before its incorporation into the soil was 
similar for barley and winter rape. However, it was only 48 kg ha-1 in common vetch due to winter frost 
and high soil salinity (Table 1). No drainage was observed during autumn and winter time. Drainage 
started in April with maize irrigation. The drainage observed in the control (340 mm) was reduced by 13 – 
19 % when maize was preceded by a winter cover crop.  
Table 1.Cover crop N, N fertilizer applied, maize grain yield, maize N uptake and N-NO3- leached in the different treatments 
Treatment 
Nitrogen applied Maize 
Cover crop 
kg ha-1 
Fertilizer 
kg ha-1 
Grain yield 
t ha-1 
N uptake 
kg ha-1 
N leached 
kg ha-1 
Control 0 300 16.8  ab 307  a 17.5  a 
Barley 173 154 13.9  b 210  ab 3.7  b 
Winter rape 139 152 13.3  b 185  b 3.5  b 
Common vetch 48 266 18.6  a 326  a 21.0  a 
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The NO3-N concentration in the drainage water was significantly lower in the treatments where maize was 
grown after barley or winter rape compared to the control treatment, whereas it was higher after common 
vetch (Figure 1). Two peaks in NO3-N concentration were observed (1) at the start of the irrigation after 
maize planting and (2) after the first sidedress N fertilization. The total mass of NO3-N leached in the 
drainage was reduced in the barley and winter rape treatments by 78-80 % compared to the control 
treatment, whereas common vetch had no effect on NO3-N leached (Table 1). Although the incorporation 
of the cover crop increased the soil Ninorg content due to mineralization, the soil Ninorg in the 0-0.3 m soil 
layer was significantly higher for the control treatment during the maize growing season, except at 
harvest time (Figure 2). The highest maize yield was observed in the common vetch treatment, being 
higher than the other cover crops treatments. The barley and winter rape treatments resulted in lower 
maize yield, although the differences with the control treatment were not statistically significant 
(P>0.05) (Table 1).  
 
Conclusions 
The use of cover crops reduced NO3-N leaching at the start of the following maize crop due to low 
precipitation during the autumn-winter period. The reduction of NO3-N mass leached was related to the 
reduction of NO3-N concentration and volume of drainage water. Maize yield was reduced, although not 
significantly, when barley and winter rape were grown during the maize intercrop period. However, 
common vetch resulted in the highest maize yield. Although soil Ninorg in the upper layer increased after 
cover crops incorporation, it was lower than in the control treatment. The reduction observed in NO3-N 
leaching and the possibility to reduce N fertilizer inputs, gives scope for the use of cover crops in irrigated 
maize to reduce N leaching risks. However, cover crop management and maize fertilization should be 
further studied for these conditions to avoid yield reductions in maize. 
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Figure 1. NO3-N concentration in drainage water during 
maize crop in 2007. Bars indicate standard error.
Figure 2. Soil Ninorg in the 0 to 0.3 m soil layer at 
different sampling dates during the growing 
season. Bars indicate standard error.
